This paper investigates the quasi static compression analysis behavior of a biocomposite radome using nonlinear static modeling. Bio-based fiber is proposed to be used in aircraft radome due to its low dielectric constant. In this instance, kenaf was being utilized as the natural fiber to form a hybrid combination of fiberglass/kenaf epoxy laminates. The quasi static behavior was modeled using MDNastran SOL106 Nonlinear Static. The radome was modeled as a hemispherical shell based on Beechcraft's radome geometric configuration. The radome is designed as a fourlayered laminates with randomly oriented fiberglass and kenaf. The nonlinear compression was performed in the range of 0.01 mm to 0.49 mm with a maximum reaction force of 189 N. The radome was not displaced equally or symmetrically as the translational load applied since the shape of radome is asymmetry and the surface at the top is uneven. The increment of the forces leads to elastic local flattening deformation at the apex of the radome. Its shape influences in determining the displacement and the stress to the radome.
Introduction
Biocomposite or natural fiber composites are renewable materials that are made up of resin and reinforcement comprised of natural fibers. Advantages of natural fibers over traditional synthetic reinforcing fibers such as glass and carbon are in terms of low cost, low density, acceptable specific properties, ease of separation, enhanced energy recovery and biodegradability [1] [2] [3] [4] [5] . The use of biocomposites is increasing in many fields like building, biomedical, automotive and as an additive in thermoplastic. The implementation of biocomposite material gives support in providing green environment and as an alternative to replace petrochemical resin by vegetable or animal resin. It is an alternative for aerospace industry to achieve Green Engineering, which is taken as design, profit making and use of processes and products that are practicable and cost effective while reducing pollution at the source and reducing risk to human health and environment [6] . In this study, design of a hybrid biocomposite radome using kenaf fibers is proposed to replace existing radome design.
Radome is a hemispherical shape structure, which acts as a protective surface for the antenna but transparent to radar waves for the aircraft. It is situated at forward most of the aircraft, also known as nose cone. A criterion that allows biocomposite to be implemented as part of radome structure is the characteristic of biofibers that is low in dielectric constant, thus can eliminate static electricity produced by the electronic equipment. Another advantage is that biofibers have cellulose content, which is a positive influence on the tensile strength and modulus of elasticity of biocomposite. The higher the cellulose content, the stiffer the material. The potential of fiberglass/kenaf biocomposite is explored for radome application. The ability to absorb impact is also an important requirement for radome structure. Low velocity impact causes reduction in the strength of composite structures. A simulation will be carried out using MDNastran SOL 106 Nonlinear static to delve into the main objective of the work, which is to investigate the low velocity impact behaviour of a biocomposite radome.
Theoretical Background
In designing an energy absorbing structures, kinetic energy needs to be dissipated in a controlled manner. One of the ways to characterize the energy absorption structures is usually to begin with quasi static testing and analysis. For brittle material such as composite, the energy absorbed is achieved through the failure mechanism. Typical failure modes are matrix cracking, delamination, peeling, compression of the target below the projectile, and etc. [8] . Fracture in fiber/matrix is the cause of collapse of the composite structural elements [9] . The following describes the governing equation to model the quasi static compression on a hemispherical shell as shown in Fig. 1 .
From overall total equilibrium, the total axial force is:
where V denotes the vertical force component at the circumference written as: = .
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(2) Based on the geometry of the shallow arc shown in Fig. 1 , the distance from the load point to the knuckle edge, r is: = .
.
(3)
Consequently P can be written as: = (1.5) . ℎ .
. (4) where Y= hoop stress, w=central deflection, R= radius of hemispherical shell and h=thickness. In the modelling, the radial load P is the reaction force at the top. 
Methodology
Radome Design. In this study, the radome model was based on the previous work done on biocomposite aircraft radome [10] with its structural layout based on a Beechcraft radome configuration.The laminated radome arrangement is composed of two layers of kenaf/epoxy laminated bounded by one layer of fiberglass/epoxy laminate at both top and bottom part of the radome. The shape of the radome was hemispherical and it is a shell structure. Fig. 2 shows the stacking sequence of the radome.
Mechanical Properties. Mechanical properties of kenaf and fiberglass epoxy laminates were determined through tensile test. Rectangular coupons, which are fabricated via vacuum bagging, are prepared in accordance to ASTM 3039 [11] . The fiber orientations of the coupons were random and discontinous. Therefore, the size of a coupon is 25 mm in width and 250 mm in length. Strain gauges are used to determine the strains from the specimen. From the tensile test, the Young's modulus for the fiberglass and kenaf are 20 GPa and 3 GPa, respectively, while the Poisson's ratios are 0.11 and 0.33, respectively.
Finite Element Modeling. The process in generating the model of the radome is by using ATOS III Triple Scan machine. A STEP file is produced to create the geometric model. The quasi static behaviour was modelled using MDNastran SOL106 Nonlinear Static. This analysis is suitable for analysis of nonlinear static. Forces are applied at top surface of the radome and boundary condition is applied at the base of the radome, which is fixed in all directions as shown in Fig. 3 . The placements of the load were randomly applied at the nodes that appear to be at the middle top of the radome. Description on the modelling of the radome is shown in Table 1 . 
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Results and Discussion
The nonlinear static modelling was performed over an incremental load case in terms of displacement. Height of the radome is 11 cm. However, the limitation of displacement for nonlinear static modeling can only be performed up to 0.49 mm as shown in Fig. 4 . The increment of displacement introduces to the radome a higher value of reaction force. Maximum reaction force is 189 N at displacement of 0.49 mm. The displacement contour shows high displacement at the centre of radome with red indication. The location of maximum displacement affects the shape of contour, which can be examined from top view. Same contour shape was shown as displacement range from 0.01 mm to 0.49 mm. The radome was not displaced equally or symmetrically as the translational load is applied and was only partially displaced. This is because the shape of radome is asymmetry that makes the surface at the top uneven and also due to random placing of the loads.
Composite materials are brittle materials that fail by fracture after an initial elastic deformation. The fiber fails either by tensile fracture or micro-buckling under compression. Composite hemispherical shell experience progressive crushing due to formation of fracture zones along meridian and circumferential direction [12] . Radial forces were introduced and increased at the apex of the radome. The increment of the forces leads to elastic local flattening deformation at the apex of the radome. Fig. 5 shows an inward dimple as a result of damage progress of the elastic flattening. Plastic hinges formed within the dimple at the contact area between radial force and the apex of radome [7] . Based on the stress contour results, the higher the increment of the load case, the higher the stress on the radome takes place. The maximum stress takes place at node 1538, which is indicated on the pic with 189 N/mm 2 from applied load case of 0.49 mm. The stress contour also was not evenly distributed and only partial parts of the base radome undergo stress. The uneven surface makes the stress distribution non uniform and this is shown in Fig. 6 .
Conclusion
The nonlinear static simulation was conducted in order to determine quasi static compression analysis behaviour of a biocomposite radome. A maximum of non-linear stresses of 189 N/mm 2 was obtained at a displacement of 0.49 mm. A modelling range was achieved between 0.01 mm to 0.49 mm. Increase of load scale factor confers influence to the increment of displacement and stress on the radome. The shape of the radome also gives influence in determining the displacement and the stress to the radome. 
